Different concentrations of Mg-doped ZnO nanoparticles (NPs) were synthesized by coprecipitation technique at 60 ∘ C. XRD data are used to study phase purity and crystal structure in different doping concentrations. The results indicated that increasing the doping from 0∼7.5 wt.% caused a subsequent increase in FWHM in XRD and an associated systematic shift towards higher wavelength in the optical properties. Finally, the sensing of UV light is tested by observing the response of nanoparticles by exposing them to UV light and measuring the resistance in presence and absence of UV light.
Introduction
Oxides are now a smart choice and basis of advanced and multifunctional devices [1] . Device fabrication and synthesis using oxides semiconductor have become more important recently because the physical properties are size dependent and can be tuned. Among oxide semiconductor family, ZnO is a wide bandgap material (3.37 eV at room temperature) with large exciton binding energy (60 meV) and strong photocatalytic, optical, and piezoelectric properties. They are used in solar cells, photocatalysis and antibacterial active material [2] , gas sensors [3] , and UV (Ultraviolet) light emitting/detecting devices [4] . ZnO is also an integral part of green luminescence phosphor in fluorescent devices [5] .
UV sensors are widely used in different applications, such as pollution monitoring, flame sensing, early missile plume detection, and other advanced military applications [6] . Different types of Si-based photodetectors are already available in the market and are very sensitive with low noise and quick response [5] . However, applications are limited as some need ultrahigh vacuum or high voltage supply (i.e., in photomultipliers) or time dependent degradation and lower efficiency [7] . To overcome these disadvantages, new materials such as diamond, SiC, oxide semiconductors, and nitrides are a focus of research because of their intrinsic visible-blindness. Also, chemical and thermal stability at operating conditions are far better than the conventional materials. Moreover, their optical properties are slightly temperature dependent [8, 9] . One of the possible materials which fulfills most of these requirements is ZnO. Therefore, it has been studied extensively recently to further explore its potential applications in electronics and optoelectronics [10] . Furthermore, different doping in ZnO (i.e., Mg) can adjust bandgap to make UV photodetectors in different UV regime [11, 12] . Despite a great deal of research on ZnO UV detector, most of the research concentrated on the improvements of the micromask electrodes, in order to enhance the performance of the ZnO photoconductive detectors [11] . ZnO sensing mechanism can be linked with surface reactions. Hence, grain size, defects, and oxygen adsorption are important parameters for controlling sensing response [3] .
In the present study, systematic Mg doping (0∼7.5 wt.%) in ZnO NPs was achieved and is analysed by XRD, FTIR, and 2 Journal of Sensors 
Experimental Section
Zinc acetate dihydrate (Zn(CH 3 COO) 2 , Sigma-Aldrich) and 1 mL of water (distilled) were put into a flask containing 80 mL methanol. They were mixed at 60 ∘ C. In a second beaker, potassium hydroxide (KOH, Sigma-Aldrich) was dissolved in 23 mL of methanol. The solution was then slowly added into the flasks containing zinc acetate. This mixture was then stirred for 2.5 hours. The transparent solution became opaque because of slow addition of KOH which, again, slowly transformed into a clear solution. ZnO powder was separated from the solvent by centrifuge and repeatedly washed in distilled water and ethanol. The powder was dried in convection oven at 60 ∘ C. For doping, magnesium acetate dihydrate (Mg(CH 3 COO) 2 Sigma-Aldrich) was added in appropriate quantities. The experimental details and quantities are shown in Table 1 .
The morphology was determined using transmission electron microscope (TEM, JEOL). The phase analysis was done using X-ray diffraction technique (JDX-11, Japan). Diffuse reflectance spectroscopy (DRS) of NPs was done by using a Lamda-950 Perkin-Elmer. Thick film sensors were made by doctor blading (same area and thickness for all sensors) and resistance was measured using multimeter (Keithly 2000 multimeter). Figure 1 illustrates XRD spectrum of different NPs prepared by the coprecipitation method. All major diffraction peaks can be assigned to diffraction from different ZnO planes, respectively (JCPDS card # 780-0075). There is a weak peak at about 27 ∘ in 5% Mg-doped sample, which can be due to Zn(CH 3 COO) 2 as a result of unwanted residue left in the sample [14] . This revealed that the resultant NPs were phasepure ZnO (no MgO peaks) with a hexagonal structure. MgO has rock-salt structure and ZnO has hexagonal structure. Therefore, phase separation can occur at higher concentrations. The XRD spectra clearly suggest that there is no phase separation. Zn and Mg ions have similar ionic radii (0.60 and 0.57Å) and it is expected that Mg ions are substituted for Zn. The systematic peak shift and broader FWHM with consistent increase in Mg doping is are indication of doping, suggesting a higher defect concentration and decreased quality of crystal with increase in Mg doping concentration. Also, there is a clear systematic (101) peak (highest intensity) shift towards higher 2 theta value. This again is another indication of change in "d" spacing with increase in the doping concentration. Figure S1 (at Supplementary Material available online at http://dx.doi.org/10.1155/2016/8296936) shows a TEM image of pure ZnO NPs and clearly suggests that the average particle size is less than 10 nm. Also, there are 2 minor peaks ((200) and (201)) which disappear after doping. One of the possible reasons can be that these peaks shift because of the Mg-induced strain and merge into the broader (112) peak. This peak broadening can be clearly observed if XRD spectra of pure ZnO and 2.5% Mg samples are compared. Also, the morphology is dependent on doping and previous researchers suggested that grain size increases with increase in doping concentration. Figure 2 to 600 cm −1 [15] . There is a slight systematic peak shift of Zn-O band which can be an indirect evidence of increasing Mg content in the lattice. Mg-O stretching vibrations can also be clearly observed in the region of 1400 cm −1 to 1450 cm −1 . FTIR results give a clear indication that Mg was successfully doped in ZnO lattice [15, 16] .
Results and Discussion
Bandgap of ZnO NPs can be effectively tuned by doping Mg 2+ . The bandgap of ZnO and MgO is 3.37 eV and 7.7 eV, respectively, and it can be increased by Mg doping [12] . The UV-visible spectroscopy results are shown in Figure 3 . The bandgap of all the samples can be estimated by converting wave length into the energy using the following equation:
where " " is energy, "ℎ" is Plank's constant, " " is velocity of light, and " " is the wave length. A systematic blue shift in the main UV peak can be clearly observed with the increase in the Mg doping and the bandgap ranges from 3.24 eV for pure ZnO to 3.33 eV for 7.5% Mg samples. Our results are in accordance with the previous studies and clearly show that bandgap can be tuned by carefully controlling Mg doping [17, 18] . One of the possible explanations of this blue shift is the Burstein-Moss effect. Fermi level of n type ZnO is inside the conduction band. With Mg doping, the conduction bands are filled. This in turn shifts the absorption edge to the higher energy [19] . Photoconductive response time is important for a UV sensor. Electron-hole pairs are generated on UV exposure. These holes are then combined with trapped oxygen ions, commonly known as surface electron-hole recombination. This effect is shown in [20] Wavelength (nm) Figure 3 : UV-Vis spectroscopy of samples with pure and different concentrations of Mg-doped ZnO. The results give a clear indication of direct band emission, in UV region, for all the samples. There is also a systematic shift towards higher wavelength for UV emission. Minor peaks around 475 nm can be the defect related deep-level emission peaks [13] .
Unpaired electrons are freely available and enhance the photocurrent. Figure 4 is the sensing results of Mg-doped ZnO NPs done at room temperature. The On-Off switch time was very small (in seconds) and one of the main focuses of this experiment was to investigate the response time and change in resistance with Mg doping. The sensitivity (ratio of resistance in the dark and in the presence of UV light) is 1.060, 1.062, 1.088, and 1.054 for 0%, 2.5%, 5.0%, and 7.5%, respectively. The enhanced response of Mg-doped ZnO NPs can be attributed to unpaired electrons added to the photocurrent [21, 22] . In ZnO, oxygen vacancies act as electron donors. Surface defects and charged species increase after the Mg doping, thus more reaction and surface recombination results in faster response time. Also, NPs are a good choice for obtaining fast response of the devices due to an enhanced surface to volume ratio [23] . However, the decrease in sensitivity after 7.5% Mg can be attributed to severe damage in the crystal lattice. Previous researchers have also suggested that the Mg-doped ZnO (and Zn 1−x Mg x O) having potential photodetectors with different detective wavelengths have strong potential for being the sensor active material. However, there is a wide miscibility gap and large lattice mismatch in the ZnO-MgO binary system. This is mainly because of the difference in crystal structure. Therefore, defect density increases and crystal quality is low. Also phase segregation can occur. This has become the major issue for synthesis. Also, finding new materials with faster adsorption and disadsorption characteristics is the main issue which is attracting the attention of researchers in this field [24] [25] [26] [27] [28] . It was also suggested that, usually with doping, the bandgap is shifted to the lower energy region, which enhances the absorption spectrum of doped ZnO NPs [29] . These are the main issues which are attracting the attention of researchers in this field. XRD, UV-Vis spectroscopy, and optical sensor results are in perfect agreement with each other. There is a systematic peak shift in XRD and UV-Vis results with increase in Mg doping. XRD peak shift also indicates changes in "d spacing." The UV sensing properties of Mg-doped ZnO NPs show fast switching behavior due to adsorbed oxygen.
Conclusions
Pure and Mg-doped ZnO NPs were prepared by coprecipitation method at 60 ∘ C. XRD spectra show a regular peak shift towards higher angle with a wider FWHM. 
